Introduction
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OG1RF_11714 had no detectable impact on resistance to either of the CAMPs tested. Taken   2  2  6 together, these results indicated that genes in the epa variable region are required for 2 2 7 resistance to antimicrobials targeting the cell envelope. The decoration of the EPA rhamnopolysaccharide is essential for virulence and 2 3 0 underpins phagocyte evasion.
3 1
The impact of epa mutations on E. faecalis virulence was tested in the zebrafish experimental survival of larvae was monitored for 90 h post infection (hpi). As a preliminary experiment, mutant had a significantly reduced virulence as compared to the wild-type OG1RF strain.
3 7
Even though the combined deletions in oatA, pgdA, dltA and sigV did not impair the possibility of an epistatic relation between the OPDV and epa mutations. We therefore 2 4 0 repeated the zebrafish infections using the in-frame epa deletion mutants in the wild-type virulence as compared to the wild-type OG1RF (Fig 6) , killing only between 0-10% of the 6A-D). As expected, the complementation of each epa deletion fully restored the virulence.
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Although the epa deletion mutants (except the ΔepaX-like strain) present a slight defect in 2 4 6 their growth rate, it is unlikely that this accounts for the lack of virulence; all complemented 2 4 7 strains (and the wild-type OG1RF harbouring an empty complementation vector) also present 2 4 8 a growth defect (S8 Fig) and yet kill zebrafish larvae as well as the wild-type strain (Fig 6) .
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The production of EPA has been associated with an increased resistance to phagocytosis, 2 5 0 which represents a key step during pathogenesis [8, 27] . We therefore quantified labelled with anti L-plastin antibodies coupled to Alexa-488, a green fluorophore, as 2 5 5 previously described [28] . The ratio between red fluorescence inside to red fluorescence 2 5 6 outside phagocytes was significantly higher for the epaX-like mutant (OG1RF_Δ11714) than for the wild-type strain (***P=0.0006) or the complemented strain (OG1RF Δ11714 + pTetH-OG1RF_11714; **P = 0.0049). As expected, no difference in phagocytosis was 2 5 9 observed between the wild-type and complemented strains (ns, P>0.05) (Fig 7A) . the epaX-like mutant was no longer able to evade phagocytes.
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Altogether, our data therefore indicate that decoration of the EPA polysaccharide is essential 2 6 3 for E. faecalis pathogenesis. Previous studies revealed that E. faecalis resistance to lysozyme is unusually complex and by the extracytoplasmic sigma factor SigV. Despite a 100-fold decrease as compared to the
wild-type strain, the residual resistance of the quadruple OPDV mutant is still relatively high 2 7 1 (MIC=0.5 mg ml -1 ) as compared to other Firmicutes. This result contrasts with other bacteria
in which a limited number of genes play a key role in resistance. For example, the combined
deletions of oatA and dltA in S. aureus led to a decrease of at least 2,000-fold in resistance as
compared to parental strain [13] . Deletion of pgdA alone in L. monocytogenes is associated with a 32-fold decrease resistance.
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Using random transposon mutagenesis, we showed that several genes located downstream the 2 7 7
conserved epaA-epaR region modulate susceptibility to lysozyme. It was proposed that epaA-
epaR encode a core synthetic machinery whilst downstream genes contribute to the 2 7 9
decoration of EPA rhamnopolysaccharide [22, 24] . In agreement with previous studies, three EPA does not entirely account for the resistance to these compounds. We therefore speculate that EPA decorations are critical to maintain cell integrity, as previously suggested [23, 24] . [23] and colonisation [24] was previously suggested, but no information was available on a to a significant increase in E. faecalis uptake by phagocytes, suggesting that the decoration of
EPA mediates immune evasion and underpins virulence. Collectively, the results provide a paradigm shift in our understanding of E. faecalis
pathogenesis, revealing that the modifications of EPA, rather than EPA backbone itself,
underpin phagocyte evasion, an essential step during host infection. Whether epa is directly Bacterial strains, plasmids and growth conditions. Bacterial strains, plasmids and oligonucleotides used in this study are described in S4 Table. 3 6 4
All strains were routinely grown at 37 o C in Brain Heart Infusion (BHI) broth or BHI-agar concentration of 10 ng ml -1 to induce gene expression. Construction of the OPDV strain.
The work describing the contribution of oatA, pgdA, dltA and sigV to lysozyme resistance
was carried out using E. faecalis JH2-2 as a genetic background [16, 19] . Since this
laboratory strain is avirulent in the zebrafish model of infection, we decided to use OG1RF as and sigV was built using existing plasmids (S4 Table) to create in-frame deletions in the
following order: oatA, pgdA, dltA and sigV. Transposon mutagenesis.
A Mariner-based transposon mutagenesis system previously described was used [21] .
Plasmid pZXL5 was introduced in E. faecalis OPDV by electroporation and transformants
were selected at 28°C on plates containing chloramphenicol and gentamicin. Cells harbouring 42°C in the presence of gentamicin. 
Transposon mutagenesis.
were selected at 28°C on plates containing chloramphenicol and gentamicin. Cells harbouring 3 9 2 pZXL5 were grown to mid-exponential phase at 28°C and transposition was induced by
addition of nisin (25 ng ml -1 ). The culture was then transferred to 42°C overnight to counter-
select the replication of the plasmid. The library was then amplified by growing the cells at
42°C in the presence of gentamicin. Isolation of transposon mutants resistant to lysozyme.
Serial dilutions of the transposon library were plated on BHI agar plates containing 1, 2 or 4 3 9 9
times the lysozyme MIC for the OPDV strain (0.5 mg ml -1 ) and gentamicin. After 24 to 48 h Transposon insertion sites were mapped by reverse PCR using two divergent primers of the ligation product were used as a template for PCR amplification using oligonucleotides DNA fragments encoding OG1RF_11720, OG1RF_11715, OG1RF_11714 and
OG1RF_11707 were amplified by PCR using the oligonucleotides described in S4 Table. 4 1 8 PCR products were digested by NcoI and BamHI and cloned into pTetH, a pAT18 derivative reading frame was fused to a C-terminal 6-Histidine tag. Antimicrobial assays.
Colonies from a BHI agar plate were resuspended in PBS and diluted to an OD of 1 at were defined as the concentration of antimicrobial inhibiting the growth of 1.5 µl of a cell 4 2 7 suspension corresponding to a 1000-fold dilution of the cell suspension at OD of 1 at 600 nm.
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For complementation experiments, anhydrotetracycline was added at a final concentration of 4 2 9 10 ng ml -1 . At least two biological replicates were carried out for each susceptibility assay. An overnight culture was diluted 1000-fold in 25 ml of BHI broth and grown for 17 h at 37°C 4 3 3 in static conditions. Anhydrotetracycline (100 ng ml -1 ) was added to all cultures to induce 8,000 x g at room temperature), washed twice in 25 ml of 1.5 mM NaCl and resuspended at a 4 3 7 concentration of 3.10 7 CFU ml -1 in 1.5 mM NaCl at various pHs. The electrophoretic mobility Carbohydrate extraction and analyses.
EPA was extracted as previously described from standing cultures in BHI at the end of rate of 1 ml min -1 . Solvent A was 18 mM NaOH, solvent B was 100 mM NaOH, and solvent 4 5 9
C was 100 mM NaOH containing 1 M sodium acetate. NaOH and NaAc gradients were used Carbohydrate analyses were made in triplicate using three independent EPA extractions from Phosphate assays.
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Phosphate content was determined as described previously [34] . 30 µl of 10 % (m/v) an incubation of 1 h at 37°C and phosphate content was determined in reference to a solution products were purified, mixed in an equimolar ratio and fused by overlap extension using sequences and restriction sites used for cloning are described in S4 Table. 4 8 9 4 9 0
Construction of E. faecalis OG1RF in-frame epa mutants
Isogenic derivatives of E. faecalis OG1RF were constructed by allele exchange using the 4 9 2 procedure previously described [37] . Briefly, pGhost9 derivatives were electroporated into 4 9 3 OG1RF and transformants were selected at a permissive temperature (28°C) on BHI plates and further confirmed by sequencing of the recombined region. Zebrafish strains and maintenance.
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London wild type (LWT) zebrafish were provided by the aquarium facility at the University Microinjections of E. faecalis in zebrafish embryos.
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Cells were grown to mid-exponential phase (OD 600nm~0 .3) and harvested by centrifugation individually with 2 nl of a cell suspension corresponding to ca. 1,000 cells as previously Imaging of infected larvae by confocal microscopy and quantification of uptake by 5 1 8 phagocytes.
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Immuno-labelled embryos were immersed in 0.8 % (w/v) low melting point agarose in E3 with the area of non-phagocytosed bacteria and their ratio was calculated. Statistical analyses were performed using GraphPad Prism version 7.03. Comparisons between survival curves were made using the log rank (Mantel-Cox) test. Electrophoretic mobilities were compared using two-way ANOVA. Phosphate contents were compared using was carried out using an unpaired non-parametric Dunn's multiple comparison test. The authors would like to thank Abdellah Benachour (University of Caen) for providing the antibodies. 7. Geiss-Liebisch S, Rooijakkers SH, Beczala A, Sanchez-Carballo P, Kruszynska K, Repp C, et al.
Secondary cell wall polymers of Enterococcus faecalis are critical for resistance to complement 11895965. subjects. Acta Ophthalmol (Copenh). 1984;62(6):932-938. pmid: 6395619. Enterococcus faecalis constitutes an unusual bacterial model in lysozyme resistance. analysed. Wild-type OG1RF and parental OPDV strains were included as controls. C. red. Boxes show signals with a lower intensity or a shift in the mutant EPA samples. Close- flanked by two inverted repeats. B.
Step 1: digestion of chromosomal DNA with SspI, which
has a unique cleavage site in the gentamycin resistance cassette. C. step 2: self-ligation of
SspI digestion products. D. step 3: reverse PCR on ligation products with two divergent oligonucleotide T7. three independent biological replicates ± standard deviation. The significance values have been calculated using two-way ANOVA. 
